Laboratory Workers and Musculoskeletal Disorders-

Examining Ergonomic Risk Factors and Solutions
E K. has worked in the clinical laboratory of a large medical center for 14 years. Her duties include processing and testing specimens, and entering results into a computer. She uses a variety ofequipment for these tasks, including a microscope, pipette, and cell counter. EX. has noted numbness and tingling in both thumbs and index fingers for the past few years, which currently has become constant over recent months. She reports difficulty gripping objects and a loss ofgrip strength. Last week, she dropped an entire rack of test tubes. This prompted her supervisor to refer her to employee health for evaluation. During her visit, she is nonchalant about her symptoms, noting that everyone in her lab has lots of "aches and pains" and that "it's part of the job." On examination, she has severe hypothenar atrophy, decreased range of motion of the thumb carpometacarpal joints bilaterally, decreased grip strength, and a loss of sensation to two point discrimination in a medial nerve distribution.
Those of us who work in occupational health are familiar with the phenomenon of musculoskeletal disorders (MSDs) related to repetitive stress. 
LITERATURE AND THE LABORATORY WORKER
A literature search for laboratory workers, ergonomics, and MSDs yields few results compared to a similar search for computer users. However, a smattering of studies exist that examine the relationship between pipette use and upper extremity complaints.
Dynamics necessary to operate a pipette have been shown to require an "unacceptably" high degree of thumb force caused by the need to use the thumb muscles as both mobilizers and stabilizers (Fredriksson, 1995) . Additionally, pipette work requires the arm to be extended from the body, which may cause load on the shoulder and neck muscles (David, 1997) . Given these physical requirements, it is not surprising to learn that in a Swedish study, female laboratory workers had twice as many hand problems as a comparable, non-pipetting population (Bjorksten, 1994) .
Little information exists on the ergonomics and risk for injury for other types of laboratory equipment. Literature searches for injuries related to other laboratory equipment such as cell counters, hoods, and manipulation of small caps and instruments yield no studies, although clinical observation indicates these instruments may be associated with injury. In the case of microscopes, one author (Kreczy, 1999) stated that up to 80% of users with frequent use of the microscope complain of symptoms, yet there are limited studies on injuries related to the use of microscopes.
RISK FACTORS ASSOCIATED WITH LABORATORY EQUIPMENT
The use of laboratory equipment involves a number of known ergonomic risk factors that can lead to injury.
Microscopes
Static postures needed to use the eyepieces of a microscope can result in forward head posture and overloading of the neck, shoulder, and upper extremities (Sillanpaa, 2003) . The location of control knobs far above the base platform can leave arms unsupported. Unadjustable platforms on which the microscope rests can force the user into poor or awkward postures (NIEHS, 2(01). Additionally, microscopes may be associated with eyestrain and headache (Kreczy, 1999) .
Pi penes
Forces used to operate buttons or plungers on pipettes vary among different models and whether they are automated. Numerous studies link repetitive pipetting with musculoskeletal complaints (Lee & Jiang, 1999) . The practice of micropipetting, in which the user is aiming for a very small target with high precision, can further increase muscle tension. The viscosity of the fluid in the pipette also can increase the force needed to operate plungers or buttons (I. Janowitz, personal communication, June 3, 2004) . Pipette tasks are generally carried out without arm support. The repetitive nature of the types of tasks pipettes are used for expose workers to high volume repetition, which can lead to conditions such as "pipetter's thumb" or de Quervain's tenosynovitis (NIEHS, 2(01).
Hoods
Most laboratory hoods are built in and lack adjustable height. Ira Janowitz (personal communication, June 3, 2004), senior ergonomics consultant for the Center for Occupational and Environmental Health at the University of California at San Francisco, noted the effect of hoods in laboratories is just beginning to be studied. One aspect being examined is the fixed nature of the hood in the wall, which may result in long reach distances and prolonged static reaching from a lack of arm support (I. Janowitz, personal communication, June 3, 2004). In addition, hard edges may cause contact pressure on the wrists (NIEHS, 200 I).
Micromanipulation
Working in a laboratory can require fine manipulation of tubes, forceps, lids, and similar equipment. Some lids require high force to open. Tools such as forceps can cause contact pressure on the fingers and require prolonged or repetitive finger movements. In addition, a lack of ann support is inherent with the use of different laboratory instruments.
WORK RELATEDNESS OF MUSCULOSKELETAL DISORDERS
Repetitive motion as a causative factor for MSDs remains controversial. The association between carpal tunnel syndrome and work tasks in particular has been well studied and reviewed, and differing opinions abound.
In 1997, the National Institute for Occupational Safety and Health and the Centers for Disease Control and Prevention published an extensive epidemiologic critique of MSDs and work relatedness. The critique reviewed a number of studies on musculoskeletal neck. shoulder, elbow, and hand injuries that included workplace factors. Taking carpal tunnel syndrome as an example, the report noted there was "strong evidence" linking MSD and workplace factors when the multiple risk factors of force, repetition, and posture were present. The report noted strong evidence also was found for a relationship between epicondylitis and wrist and hand tendinitis and workplace factors. Evidence varied for associations and relationships between other MSDs and individual risk factors (Bernard,1997) .
On the other hand, some authors cite workplace factors as just one risk factor for the development of carpal tunnel syndrome and a factor that is not responsible in isolation as a cause. Some researchers note correlation does not equal causation or association, citing a temporal relationship between carpal tunnel syndrome and repetitive work has not been proven SEPTEMBER 2004, VOL. 52, NO.9 Clinical Rounds: Hospital Link and no studies have shown that ameliorating risk factors reduces carpal tunnel incidence rates. Anatomic and physiological variations, behavior, lifestyle, health habits, and other medical conditions have all been cited as contributing factors (Szabo, 1998) .
ERGONOMIC SOLUTIONS
A variety of ergonomic solutions for laboratory equipment have been proposed. Suggestions for re-engineering microscopes include the capacity to adjust ocular angle and height, lowering focus knobs, and adding a forehead support. The surface on which the microscope sits should have adjustable height, arm supports, leg room underneath, and a cutaway section to accommodate the chair. (Sillanpaa, 2(03) .
Automatic pipettes require less force to operate and are highly recommended by a variety of sources. Laboratory workers should be advised to operate pipettes with arms and neck in neutral positions and to take frequent rest breaks. When possible, pipetting tasks should be rotated among clinic staff to reduce exposure to high repetition (NIEHS, 2004 
FUTURE DIRECTIONS
According to Janowitz (personal communication, June 3, 2004), ergonomics in laboratories has not been studied as much as it should. He cited a host of ergonomic problems facing laboratory workers, stating lack of arm support is a general problem for most laboratory equipment and tasks. He also noted problems with hoods, benches, and cabinetry.
Clearly, more research on ergonomics in laboratories is needed. The association of injuries with laboratory equipment needs to be proven beyond just clinical observation. Comparisons of between injury rates for laboratory workers and the general population should be made. Ergonomic solutions such as equipment design should be studied to ensure recommendations result in positive outcomes. The possibilities for engaging in such research for an astute occupational health nurse researcher are many and diverse.
